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(57) ABSTRACT

Exemplary coating methods and coating systems, e.g., for
coating the component surface of a component with a
coating agent by means ol an atomizer in a coating system,
for example to paint a body part of a motor vehicle with
paint, are disclosed. An exemplary method comprises mov-
ing the atomizer over the component surface of the compo-
nent to be coated, or moving the component in the spray jet,
thereby applying the coating agent to the component surface
by means of the atomizer. The atomizer may be operated
with at least one electrical and/or kinematic operating vari-
able comprising a certain voltage for the electrostatic charg-
ing of the coating agent and/or a certain rotational speed of
a rotating spray element of the atomizer. In one example, the
clectrical and/or kinematic operating variable of the atom-

izer may be dynamically varied during the movement of the
atomizer.

19 Claims, 6 Drawing Sheets
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COATING METHOD AND COATING
SYSTEM HAVING DYNAMIC ADAPTATION
OF THE ATOMIZER ROTATIONAL SPEED

AND THE HIGH VOLTAGE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a National Stage application which
claims the benefit of International Application No. PCT/ 10
EP2010/006681 filed Nov. 2, 2010, which claims priority
based on German Application No. DE 10 2009 051 877.0,

filed Nov. 4, 2009, both of which are hereby incorporated by

reference 1n their entireties.
15

BACKGROUND

The present disclosure relates to a coating method and a
corresponding coating installation for coating components
with a coating agent, e.g., for painting motor vehicle body 20
parts with a paint.

In modern painting installations for painting motor
vehicle body parts, multi-axis painting robots are generally
used, which guide a rotary atomizer as an application unit.
The painting robot guides the rotary atomizer over the 25
component surface along programmed paths, the paths typi-
cally being placed in rows 1n a meandering manner. Alter-
natively, it 1s also possible for the component to be coated
to be moved past the atomizer by means of suitable con-
veying technology or by a robot. In contrast to painting 30
machines used previously (e.g. roof machines and lateral
machines), painting robots of this type can track paths very
flexibly. Furthermore, the use of painting robots means that
the number of rotary atomizers can be greatly reduced,
which leads however to higher demands on output per umt 35
arca and thus also on painting speed.

When the rotary atomizer 1s moved by the painting robot,
the outtlow quantity (i.e. the paint flow) and the guide air
flow may be modified dynamically to achieve an optimal
painting result. For example, only a little guide air, or no 40
guide air at all, 1s applied 1f painting 1s desired over a wide
area, for example when painting components of motor
vehicle body parts with a large surface area (e.g. bonnet, roof
area). During detailed painting, however, a relatively large
guide air tlow 1s output to constrict the spray jet. 45

In conventional painting 1nstallations, the rotational speed
of the rotary atomizer and the high voltage of the electro-
static coating agent charging are generally kept constant by
means ol a regulation system. There was therefore no
dynamic adaptation of rotational speed and high voltage 50
during movement of the atomizer in the known painting
installations, but merely dynamic adaptation of the fluidic
operating variables such as paint flow and guide air flow.
Although the high voltage of the electrostatic coating agent
charging can also be changed 1n the known coating instal- 55
lations, this was not possible dynamically, but only between
successive motor vehicle bodies.

A disadvantage of the conventional painting 1nstallations
1s therefore the unsatisiactory flexibility and dynamics when
painting. 60

Accordingly, there 1s a need for a correspondingly
improved painting installation.

BRIEF DESCRIPTION OF THE FIGURES

63
While the claims are not limited to the specific illustra-
tions described herein, an appreciation of various aspects 1s

2

best gained through a discussion of various examples
thereol. Referring now to the drawings, 1llustrative examples
are shown 1n detail. Although the drawings represent the
exemplary illustrations, the drawings are not necessarily to
scale and certain features may be exaggerated to better
illustrate and explain an mnovative aspect of an illustration.
Further, the exemplary illustrations described herein are not
intended to be exhaustive or otherwise limiting or restricting
to the precise form and configuration shown in the drawings
and disclosed in the following detailed description. Exem-
plary illustrations are described 1n detail by referring to the
drawings as follows:

FIGS. 1A-1C illustrate an exemplary method for dynamic
adaptation of the operating variables of the atomizer 1n the
form of a flow chart,

FIG. 2 1llustrates an exemplary illustration of automatic
parameter adaptation 1n the form of a flow chart,

FIG. 3 illustrates another exemplary 1llustration of auto-
matic parameter adaptation 1n the form of a flow chart, and

FIG. 4 1illustrates a highly simplified diagram of an
exemplary painting installation.

DETAILED DESCRIPTION

The exemplary illustration include the technical finding
that 1t 1s advantageous when operating a painting installa-
tion, 1f not only the fluidic operating variables (e.g. paint
flow, guide air flow) are modified dynamically during move-
ment of the atomizer, but also electrical and/or kinematic
operating variables such as the rotational speed of the rotary
atomizer or the high voltage with which the coating agent to
be applied 1s electrostatically charged.

As already explained above, the dynamic change of the
clectrical and/or kinematic operating variables such as high
voltage and/or rotational speed typically takes place during
painting or coating, that 1s, iside the coating path pre-
defined by the program control system of the coating instal-
lation, along which the rotary atomizer 1s usually moved
over the component surface by the painting or coating robot
during application. Path points, which may be predefined 1n
any manner convenient, defined by the program control
system for example using the teach method or 1n another
manner, may be situated on said coating path, for which
points the necessary operating variable sets (referred to as
brush) can be set and changed in correspondence with the
surface geometry of the component to be coated in each
case. Therefore, according to the exemplary illustrations,
said electrical and/or kinematic operating variables can also
be changed in particular at these defined path points.
Changes to other points related to the defined path points are
also conceivable, for example when interpolating between
adjacent path points.

Previously, 1t was not attempted for various reasons to
modily the rotational speed and the high voltage dynami-
cally as well during operation of the painting installation.

Firstly, conventional rotary atomizers are generally driven
pneumatically by turbines, with which however the possible
braking effect 1s much lower than the possible acceleration
elfect. It 1s therefore very diflicult 1n terms of regulation to
control the turbines in such a manner that the rotational
speed of the rotary atomizer follows a certain rotational
speed profile. Furthermore, the dynamics of the rotational
speed of the rotary atomizer are influenced by numerous
factors, such as the available air pressure for driving the
turbine, the mass of the bell cup, which can vary depending
on the material used (aluminium, steel or titanium), the
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diameter of the bell cup, the current quantity of paint to be
applied, the viscosity and the solids content and the mass of
the paint.

Secondly, dynamic changes 1n the electrostatic high volt-
age during operation of the painting installation were not
previously considered, inter alia because such changes in
voltage depend on the electrical capacitance of the coating
agent charging, which 1s influenced by several factors which
can change during operation. For example, the electrical
capacitance can vary depending on the type of paint and the
humidity. Furthermore, the high-voltage cascades used gen-
erally have a more or less great hysteresis, which previously
likewise prevented dynamic modification of the high voltage
during operation of the painting installation. The electrical
capacitance of the painting installation changes depending
on the application structures on the robot (e.g. 1C/2C,
number of colours, number of rinsing agents, conductivity of
the paint, hose cross section). Almost every installation

L] [

therefore has different electrical capacitances, which must
be increased and then reduced again by the high-voltage
cascade. The 1nertia of the electrical operating vaniables
however increases with the electrical capacitance of the
painting installation. It 1s therefore difhicult to predict the
behaviour of the installation and thus to simulate the paint-
ing results. In conventional painting installations, attempts
have previously been made to keep the electrical operating
variables constant.

The exemplary illustrations generally provide for the first
time for the rotational speed of the rotary atomizer and/or the
high voltage of the electrostatic coating agent charging to be
dynamically adapted during operation of a coating installa-
tion, 1.¢. during the movement of the atomizer along the
predefined painting path. This should be distinguished from
a virtually static modification of the rotational speed and/or
high voltage between successive painting processes. The
term “dynamic modification” used 1n the context of the
exemplary illustrations may therefore mean that the electri-
cal and/or kinematic operating variables (e.g. rotational
speed, high voltage) 1s changed within a painting path.
Furthermore, 1t 1s also possible within the context of the
exemplary illustrations for further operating variables (e.g.
guide air flow, paint flow, outflow quantity, robot speed) of
the atomizer or painting installation to be dynamically
modified, such as fluidic operating varables.

One advantage of the exemplary illustrations consists in
the higher dynamics, as a result of which faster painting 1s
made possible, which in turn leads to shorter cycle times and
thus reduces the cost per unit (CPU) during painting.

A further advantage of the exemplary illustrations consists
in the improved painting result and higher paint quality.

Furthermore, the dynamic adaptation of electrical oper-
ating variables (e.g. high voltage) may make 1t possible to
reduce the number of high voltage flashovers, as a result of
which fewer operating faults occur, which 1n turn improves
what 1s known as the first run rate, 1.e. the fault rate during
the first run of the painting installation.

The exemplary illustrations also advantageously make it
possible to save air and thus reduce costs per unit (CPU)
during painting.

In one exemplary illustration, the dynamics of the modi-
fication of the electrical and/or kinematic operating variables
(e.g. rotational speed, high voltage) and/or the tluidic oper-
ating variables (e.g. paint flow, guide air flow) of the
atomizer are so great that when the setpoint value 1s changed
the setting time 1s less than 2 s, 1 s, 500 ms, 300 ms, 150 ms,
100 ms, 50 ms, 30 ms or even less than 10 ms. The setting
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time 1s 1n this case the time span necessary for a change in
setpoint value, to implement at least 95% of the setpoint
value change.

The term “electrical and/or kinematic operating variable”
used 1n the context of the exemplary illustrations may mean
the rotational speed of the rotary atomizer and the high
voltage of an electrostatic coating agent charging. It 1s
possible within the context of the exemplary illustrations
that only the rotational speed 1s modified dynamically, while
the high voltage 1s set 1n a conventional manner. It 1s
furthermore possible that only the high voltage 1s modified
dynamically, while the rotational speed is set in a conven-
tional manner. However, both the rotational speed and the
high voltage may be changed dynamically. Furthermore, 1t
should be mentioned that the term “electrical and/or kine-
matic operating variable” used 1n the context of the exem-
plary 1llustrations 1s not limited to the rotational speed of the
rotary atomizer and the high voltage of the electrostatic
coating agent charging, but also includes other electrical or
kinematic operating variables of the atomizer or painting
installation. For example, 1t 1s also possible within the
context of the exemplary illustrations that the electrical
current of the electrostatic coating agent charging 1s modi-
fied dynamically, which 1s advantageous in particular 11 the
coating agent 1s charged using an external charging system,
1.e. by means of externally situated electrodes.

Furthermore, the term “fluidic operating variable” used 1n
the context of the exemplary illustrations may mean the
paint flow and the guide air flow; in the case of a plurality
of separate guide air flows, 1t 1s possible for these to be
dynamically adapted independently of each other. The term
“fluidic operating variable” used 1n the context of the
exemplary 1llustrations 1s however not limited to the guide
air flow and the paint tlow, but 1n principle also includes
other fluidic operating variables of the atomizer or painting
installation.

One concept explained herein regarding the exemplary
illustrations 1s that, due to the additional dynamics 1n the
rotational speed and high voltage regulation, the operating
variables are no longer kept as constant as possible as in the
prior art, but can be parameterised in a highly dynamic
manner when changing brushes (previously outflow quantity

and guide airs) for optimum painting €.g. of nner areas, but
also of outer areas and detailed areas.

The control system may be, 1n one example, so intelligent
owing to painting rules and data arrays that 1t 1s capable of
changing the correct parameters automatically 1 order to
adapt optimally to the location to be painted. An acceptable
quality should be achieved in the process, with extremely
high efliciency and painting speed. It 1s however also
conceivable that the order of the optimisation priorities can
be specified for the control system. Then, prlorlty could be
given to the shortest painting time, highest efliciency, lowest
paint consumption, lowest outtflow quantity, conservation of
the robot (least dynamic movement of the robot possible),
lowest high voltage flashover risk, best layer thickness
distribution, lowest paint fault risk (runs, bubbles), control
of the wetness of the paint, colour etc.

In one example, a status variable of the coating installa-
tion 1s determined continuously during the movement of the
atomizer, 1t being possible for example for the status variable
to reproduce the geometry of the component surface at the
impact point of the paint. This status variable 1s then used for
dynamic adaptation of the electrical and/or kinematic oper-
ating variable and/or fluidic operating variable. This means
that the electrical and/or kinematic operating variable and/or
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fluidic operating variable are changed depending on the
determined status variable 1n order to optimise the coating
result.

Within the context of the exemplary illustrations, the
status variable can be determined for example by a mea-
surement. It 1s however also possible that the status variable
of interest 1s present anyway as a control variable 1 a
control unit as an actuating variable and then only has to be
read out.

For example, the status variable taken into account in the
dynamic adaptation of the electrical and/or kinematic oper-
ating variable and/or the fluidic operating variable can
reproduce the geometry of the component at the impact
point of the paint, as already mentioned briefly above. So,
when painting essentially flat component surfaces which
have a large surface area, a spray jet which 1s spread out
wide may be desirable 1n order to achieve a large output per
unit area, so the gwmde air 1s then expediently shut off.
Furthermore, a relatively large paint flow can then be
selected 1n order to allow a correspondingly large output per
unit area, i1t then only being possible for the large paint flow
to be applied with a correspondingly high rotational speed of
the rotary atomizer. Furthermore, when painting essentially
flat component surfaces which have a large surface area, the
high voltage can be selected to be relatively high, as the risk
of electrical flashovers 1s then relatively low. When painting
very curved component surfaces, however, a relatively con-
stricted spray jet may be desirable so that a relatively large
guide air flow 1s selected. Furthermore, the high voltage of
the coating agent charging should then be relatively low in
order to avoid electrical flashovers.

It 15 also possible for the status variable taken into account
during dynamic adaptation of the operating variables to state
whether 1internal or external painting 1s taking place. During,
internal painting of an 1nner space ol a motor vehicle body
part, a greatly constricted spray jet 1s thus generally desir-
able, whereas during external painting of outer surfaces of a
motor vehicle body part a relatively spread out spray jet 1s
generally desirable, which results in correspondingly difler-
ent demands on the guide air flow. Furthermore, internal
painting and external painting also differ in the demands on
the high voltage of the coating agent charging, as for
example a relatively low high voltage 1s possible 1n any case
in an nner space in order to avoid flashovers.

It 1s also possible within the context of the exemplary
illustrations for the status variables taken into account in the
dynamic adaptation of the operating variables to state
whether painting should take place currently with or without
clectrostatic charging of the coating agent.

A Turther possibility consists 1n that the status variable
reproduces the distance between the paint impact point and
an electrical earthing or grounding point at which the
component to be painted i1s earthed or grounded. When
painting plastic parts (e.g. bumpers), geometry and dynam-
ics are thus likewise of critical importance, as paint 1s
applied partly to electrically grounded components and
partly to electrically insulated components, which are how-
ever fixed with steel holders. The electrical current of the
clectrostatic coating agent charging 1s then directed via the
wet paint to a grounding point connected to the component.
The 1nsulation or the proximity to the grounding point must
be taken 1nto account at each different point of the geometry,
so dynamic adaptation of the high voltage depending on the
distance from the grounding point 1s advantageous.

It 1s also possible within the context of the exemplary
illustrations for the status variable taken into account in the
dynamic adaptation of the operating variables to state
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whether the respective component 1s a plastic component or
a component consisting of an electrically conductive mate-
rial, which results 1n the above-mentioned advantages.

It 1s also possible for the status vanable taken into account
during dynamic adaptation of the operating variables to state
whether detailed painting or surface painting i1s currently
taking place. There are different demands on paint tlow,
guide air flow, rotational speed and high voltage of the
coating agent charging during detailed painting on the one
hand and surface painting on the other.

The status variable taken into account in the dynamic
adaptation of the operating variables can also reproduce
whether the atomizer 1s currently being cleaned or whether
the atomizer 1s being used to apply paint. There are different
demands on paint flow, guide air flow, rotational speed and
high voltage of the coating agent charging during cleaning
of the atomizer on the one hand and using the atomizer to
apply paint on the other.

The above-mentioned examples for the status variable can
also be combined with each other within the scope of the
exemplary 1llustrations. For example, the operating vari-
ables can be adapted dynamically depending on a plurality
of the status variables mentioned above by way of example.
Furthermore, the exemplary illustrations are not limited to
the above-mentioned examples with respect to the status
variables taken into account for the dynamic adaptation, but
can also be realised with other status variables.

Furthermore, 1t 1s also possible within the scope of the
exemplary 1illustrations for the operating variables to be
adapted automatically using software. For example, an oper-
ating variable (e.g. spray jet width) can be changed, where-
upon the other operating variables (e.g. guide air, paint tlow,
painting speed, high voltage, rotational speed) can then
follow.

In a first example of such an automatic adaptation of
parameters, a geometric factor 1s determined continuously
during the movement of the atomizer, which reproduces the
geometry of the component surface at the paint impact point.
The spray jet width 1s then adapted depending on this
geometric factor, which in turn leads to a corresponding
adaptation of guide air flow, paint flow and/or painting speed
(1.e. movement speed of the atomizer).

In a second example of the automatic adaptation of
parameters, the high voltage 1s modified on the painting path
on the basis of the respective shape of the component during
internal painting, which automatically leads to correspond-
ing adaptation of the paint tlow (outflow quantity).

The adaptation of the parameters or operating variables
which may take place 1n the two examples mentioned above
by way of example can take place using software or a control
program, merely as examples. It 1s however also possible for
the control program merely to make an adaptation sugges-
tion, which can then be implemented by a programmer
(teacher) or installation operator.

The high voltage for the electrostatic coating agent charg-
ing may be generated by means of a high-voltage cascade,
rapid reduction of the high voltage being possible by con-
necting the high-voltage cascade to earth directly by means
of a bleeder switch or a ground switch or via a bleeder
resistor. Any high voltage generator may be employed that
1s convement, e¢.g., ol the cascade type for electrostatic
coating installations described 1n U.S. Pat. No. 6,381,109,
U.S. Pat. No. 4,266,262, etc.) and may essentially contain a
multi-stage high-voltage cascade, which 1s connected down-
stream of a high voltage transformer and the stages of which
consist of diodes and capacitors. A particularly expedient
possibility for extremely fast, virtually delay-free modifica-
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tion of the high voltage consists 1n replacing the diodes of
conventional cascades with high-voltage-resistant photo-
diodes which can be controlled by light and by the light
control of which the cascade and expediently each indi-
vidual cascade stage can be switched on or ofl or controlled
in terms of current 1n order to change the high voltage.

It 1s furthermore possible within the scope of the exem-
plary illustrations for the rotary atomizer to be driven by an

clectric motor, e.g., as described in WO 2008/037456 and
corresponding U.S. Pat. Pub. No. 2010/0147215A1, 1n order
to make a high level of rotational speed dynamics possible.

Alternatively, it 1s also possible for the rotary atomizer to
be driven hydraulically in order to make the necessary
rotational speed dynamics possible.

In this case an electrical potential 1solation can addition-
ally be provided on the rotary atomizer in order to allow an
clectrostatic coating agent charging despite the electrical or
hydraulic drive of a rotary atomizer at high voltage potential
during operation. Possibilities for this are described 1n the
WO document and corresponding U.S. Pat. Pub. No. 2010/
0147215A1 mentioned above.

The rotary atomizer may be driven in any manner that 1s
convenient, e€.g., pneumatically by a turbine. The turbine
may be not only accelerated by means of compressed air but
also actively braked by means of compressed air in order to
achieve the necessary rotational speed dynamics. It can be
expedient for this e.g. to supply the turbine wheel of the
drive turbine with additional driving or braking medium
(e.g. air) via one or a plurality of additional supply channels
which can be switched on and ofl 1n order to accelerate
desirable positive or negative rotational speed changes, e.g.,

as 1s provided by EP 1 245 292 B1.

It should furthermore be mentioned that the exemplary
illustrations make it possible for the first time for the
clectrical and/or kinematic operating variables (e.g. rota-
tional speed, high voltage) of the atomizer to be changed
synchronously with the fluidic operating varnables (e.g.
guide air tlow, paint flow). This means that these various
operating variables react synchronously to a change in
setpoint value.

It should further be mentioned that the term “movement
of the atomizer” used in the context of the exemplary
illustrations can have different meanings One meaning of
this term provides for the component to be coated to be
stationary while the atomizer 1s moved over the component
surface of the stationary component. Another meaning of
this term provides for the atomizer to be stationary while the
component with the component surface to be coated is
moved along the atomizer. A third meaning of this term
provides for both the atomizer and the component to be
coated to be moved during coating and thereby execute a
relative movement.

It should finally be mentioned that the exemplary 1llus-
trations also 1nclude a correspondingly adapted coating
installation which 1s suitable for dynamic adaptation of the
clectrical/kinematic operating variables (e.g. rotational
speed, high voltage).

FIGS. 1A-1C show exemplary method steps according to
the exemplary 1llustrations of a coating method 1n the form
of a flow chart. In this exemplary illustration, the coating
method may be used for painting motor vehicle body parts
in a painting installation, the paimnting taking place with
rotary atomizers which are each guided by a multi-axis
painting robot. It should furthermore be mentioned that the
method steps described in more detaill below may be
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8

repeated continuously during painting operation in order to
allow dynamic adaptation of the operating variables of the
rotary atomizer.

At block S1, 1t may be first determined whether internal
painting ol an inner space of a motor vehicle body part or
external painting of outer surfaces of the motor vehicle body
part 1s taking place. This difference 1s 1mportant because
different demands are made of the operating variables (e.g.
guide air flow, high voltage) of the rotary atomizer for
internal painting on the one hand and external painting on
the other hand. For instance, a spray jet which 1s spread out
wide 1s generally sensible for external painting in order to be
able to paint over as wide an area as possible. In contrast, a
relatively constricted spray jet 1s desirable for internal
painting 1n order to be able to paint details more precisely.

In a next block S2 a branch 1s made either to a block S3
or a block S4, depending on the type of painting (internal
painting or external painting).

In the case of internal painting, a corresponding flag IL.=1
may be set in block S3.

In the case of external painting, the flag IL may be deleted
at block S4, IL=0. The flag IL therefore states whether
internal painting or external painting 1s to be carried out, so
the flag IL 1s then stored for subsequent inclusion in the
dynamic adaptation of the operating variables (e.g. guide air
flow, paint flow, rotational speed, high voltage) of the rotary
atomizer.

It 1s then determined at block S5 whether detailed painting,
or surface painting 1s to take place. This difference 1is
likewise important because diflerent demands are made of
the spray jet for detailed painting on the one hand and
surface painting on the other. For instance, a greatly con-
stricted spray jet 1s desirable for detailed painting, whereas
a spray jet which 1s greatly spread out 1s the aim for surface
painting, which 1s associated with correspondingly diflerent
demands on the guide air flow.

Proceeding to block 56, a branch may be made either to
a block S7 or a block S8, depending on the type of painting
(detailed painting or surface painting).

In the case of detailed painting, a corresponding tlag
DL=1 1s set 1n block 57.

In the case of surface painting, the flag DL 1s deleted 1n
block S8, DL=0. The flag DL therefore states whether
detailed painting or surface painting 1s to be carried out, so
the flag DL 1s then stored for subsequent inclusion in the
dynamic adaptation of the operating variables (e.g. rota-
tional speed, guide air flow, paint flow, high voltage) of the

rotary atomizer.

In a next block S9, it 1s then determined whether the
painting 1s to take place with an electrostatic coating agent
charging or without an electrostatic coating agent charging.
This difference 1s important because, with an electrostatic
coating agent charging, a minimum distance must be main-
tained from the earthed body part in order to avoid electrical
flashovers. If however no electrostatic coating agent charg-
ing takes place, there 1s no risk of electrical flashovers, so
there are no restrictions on the positioning of the rotary
atomizer 1n this respect.

In a block S10, a branch 1s then made either to a block S10
or a block S11 depending on the activation or deactivation
of the electrostatic (ESTA: electrostatic) coating agent
charging.

In the case of electrostatic coating agent charging, a
corresponding tflag HS=1 1s set 1n block S10.

If however no electrostatic coating agent charging 1s
provided, the flag HS 1s deleted 1n block S11, HS=0. The flag

HS therefore states whether electrostatic coating agent
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charging 1s to be carried out during the painting operation,
so the tlag HS 1s then stored for subsequent inclusion 1n the
dynamic adaptation of the operating variables (e.g. rota-
tional speed, high voltage, guide air flow, paint tlow) of the
rotary atomizer.

The flags IL, DL and HS are therefore status variables
which reproduce the current status of the painting installa-
tion, 1t being possible for these status variables to be taken
for example from the installation control system of the
painting installation.

In a block S12, the desired spray jet width SB 1s then
determined, which 1s likewise preprogrammed and therefore
can generally simple be read out of the associated program
memory which controls the painting process. The spray jet
width SB i1s the width of a painting path on the component
surface, within which the layer thickness 1s at least 50% of
the maximum layer thickness.

In a further block S13, a geometric factor GF 1s then
determined as a status variable, which reproduces the com-
ponent geometry at the paint impact point. When painting
essentially flat component surfaces, there are diflerent
demands on the operating variables (e.g. guide air tlow, paint
flow, high voltage, rotational speed) of the rotary atomizer
than when painting highly curved component surfaces. The
geometric factor GF can for example be derived from the
stored CAD model (CAD: Computer Aided Design) of the
motor vehicle body part to be painted 1n the installation
control system, so no measurements are necessary to deter-
mine the geometric factor.

Proceeding to block S14, the distance A between the paint
impact point on the component to be painted on the one hand
and the electrical earthing point of the component on the
other hand 1s then determined, the component being elec-
trically earthed at the earthing point. I1 there 1s electrostatic
coating agent charging, the electrical current 1s thus dis-
charged towards the earthing point via the wet paint, so at
cach diflerent paint impact point the mnsulation or the prox-
imity to the earthing point should be taken into account 1n
order to achieve an optimum painting result.

Furthermore, in a further block S15, the tracking speed v
of the painting robot 1s determined, the tracking speed v
being the speed at which the painting robot moves the rotary
atomizer over the component surface during painting. At a
low tracking speed v, only a relatively small paint flow 1s
necessary, whereas the paint flow must be increased corre-
spondingly with increasing tracking speed v in order to
achieve a uniform layer thickness.

In a turther block S16, it 1s then determined whether the
component to be painted 1s a plastic component or a metal
component, so that this diflerence can also be taken into
account 1n the dynamic adaptation of the operating variables
(e.g. rotational speed, high voltage, paint tlow, guide air
tlow).

In a block S17 a branch 1s made either to a block S18 or
a block S19, depending on the type of component to be
painted (plastic component or metal component).

In the case of a metal component, a corresponding flag
MA=1 1s set 1n block S18 to indicate that the component to
be painted 1s a metal component.

In the case of a plastic component, the flag MA 1s deleted
block S19, MA=0.

It 1s then determined in block S20 whether the rotary
atomizer should be cleaned or whether the rotary atomizer 1s
applying paint in a normal painting operation.

In a block S21 a branch 1s made either to a block S22 or
a block S23, depending on the type of operation (cleaning or
application). In the case of cleaning, a corresponding flag
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RB=1 1s set 1n block S22. In the case of normal application,
the flag RB 1s deleted 1n block S23, RB=0.

FIGS. 1A and 1B explained above therefore show the
determination of status variables of the painting installation,
which should be taken into account 1n the dynamic adapta-
tion of the operating varnables (e.g. rotational speed, high
voltage, paint flow, guide air flow) of the rotary atomizer in
order to achieve an optimal painting result.

FI1G. 1C with block S24-S28, however, shows how the
operating variables (e.g. rotational speed, high voltage,
guide air flow, paint tlow) of the rotary atomizer may be
dynamically adapted depending on the previously deter-

mined status variables (e.g. geometric factor GF, spray jet
width SB etc.).

In block 524, the paint flow QPAINT 1s thus defined
according to a predefined function 11 depending on the
previously determined status variables 1L, DL, HS, A, MA,
RB, v, GF and SB. The function 11 can in this case be stored
in the form of a characteristic diagram 1n the installation
control system.

In block S23, the guide air flow QGUIDE AIR 1s defined
according to a function 12 depending on the status variables
IL, DL, HS, A, MA, RB, v, GF and SB, 1t also being possible
for the function 12 to be stored 1n the form of a characteristic
diagram 1n the installation control system.

In block 526, the high voltage U for the electrostatic
coating agent charging 1s then defined 1n a similar manner
according to a function 13 depending on the previously
determined status variables 1L, DL, HS, A, MA, RB, v, GF
and SB. The function 13 can also be stored in the form of a
characteristic diagram 1n the installation control system.

In block S27, the rotational speed n of the rotary atomizer
1s then defined according to a function 14 depending on the
previously determined status variables IL, DL, HS, A, MA,
RB, v, GF and SB.

In block S28, the rotary atomizer 1s then actuated with the

clectrical and kinematic operating variables U and n and
with the fluidic operating variables QPAINT and QGUIDE

AlR.

The above-described process(es) shown i FIGS. 1A-1C
may be repeated continuously during the movement of the
rotary atomizer in continuous painting operation, so the
operating variables U, n, QPAINT and QGUIDE AIR of the
rotary atomizer are continuously adapted dynamically dur-
ing the movement of the rotary atomizer 1n order to achieve
an optimal painting result.

FIG. 2 shows a first example of automatic parameter
adaptation using software.

In a first block S1, a geometric factor GF 1s determined,
which reproduces the component geometry at the paint
impact point.

In a next block S2, the spray jet width SB 1s then defined
according to a predefined function 11 depending on the
geometric factor GF. In the case of a highly curved compo-
nent geometry, a correspondingly greatly constricted spray
jet with a correspondingly small spray jet width SB 1s
desirable. When painting an essentially flat component sur-
face, however, a spread out spray jet with a correspondingly
large spray jet width SB 1s desirable.

In a next block S3 the guide air flow QGUIDE AIR 1s
defined depending on the desired spray jet width SB accord-
ing to a predefined function 12, 1t being possible for further
status variables to be taken into account 1n addition to the
desired spray jet width SB, which 1s only shown schemati-
cally here.

In a further block S4 the paint flow QPAINT 1s defined

depending on the desired spray jet width SB according to a
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predefined function 13. I the spray jet width SB 1s large, a
correspondingly large paint flow QPAINT 1s necessary to
achieve the desired layer thickness.

The next block S5 then provides for the tracking speed v
of the painting robot to be defined depending on the desired
spray jet width SB according to a predefined function 14.

In a block S6, the rotary atomizer 1s actuated with the
operating variables QPAINT, QGUIDE AIR determined 1n
this manner, and the painting robot 1s moved over the
component surface at the optimised tracking speed v.

In this example, the geometric factor GF 1s therefore
determined in order to derive the optimal spray jet width SB
therefrom. The definition of the spray jet width SB then
leads to a corresponding adaptation of the guide air tflow
QGUIDE AIR, of the pamnt flow QPAINT and the tracking
speed v. This automatic adaptation of parameters 1s repeated
continuously during the movement of the rotary atomizer
during operation of the painting robot, so the operating
variables are adapted dynamically to the geometry of the
component at the paint impact point.

FIG. 3 shows a second example of an automatic adapta-
tion of parameters during painting, the processes, €.g., as
described 1n blocks S1-S5 shown in FIG. 3, being repeated
continuously during the movement of the rotary atomizer 1n
continuous painting operation i order to make dynamic
adaptation of the operating variables of the rotary atomizer
possible.

In a first block S1, a geometric factor GF which repro-
duces the component geometry at the paint impact point 1s
again determined.

In block S2, the high voltage U for the electrostatic paint
charge 1s then defined depending on the geometric factor GF
according to a predefined function 11.

Furthermore, in a block S3, the paint flow QPAINT 1s then
defined depending on the geometric factor GF according to
a predefined function 12.

Furthermore, 1n block S4, the paint flow QGUIDE AIR 1s
then defined depending on the geometric factor GF accord-
ing to a predefined function 13.

In block S5, the rotary atomizer 1s then actuated with the
operating variables U, QPAINT and QGUIDE AIR adapted
in this manner.

The above-described process(es) described in blocks
S1-S5, may be continuously repeated during the movement
of the rotary atomizer during continuous operation of the
painting installation 1n order to adapt the operating variables
U, QPAINT and QGUIDE AIR dynamically to the compo-
nent geometry during the movement of the rotary atomizer
in order to achieve an optimal painting result.

FIG. 4 shows, 1n a greatly simplified manner, a painting,
installation according to an exemplary illustration, having a
multi-axis painting robot 1, which guides an electrostatic
rotary atomizer 2 as the application unit, as 1s indicated by
the dashed block arrow.

The painting robot 1s 1n this case controlled by a robot
control system 3, the robot control system 3 predefining the
position of the tool centre point (TCP) of the painting robot
1 and thereby moving the rotary atomizer 2 on predefined,
programmed painting paths.

The rotary atomizer 2 1s however actuated by a control
unit 4 as described below.

The rotary atomizer 2 has for example a guide air valve
5, which 1s actuated by the control unit 4 so the control unit
4 sets the guide air flow QGUIDE AIR, which 1s output by
the rotary atomizer 2 to form the spray jet.

Furthermore, the rotary atomizer has a paint valve 6,
which 1s actuated by the control unit 4, so the control unit 4
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controls the paint flow QPAINT which 1s output by the
rotary atomizer 2 by means of suitable actuation of the paint
valve 6.

Furthermore, the rotary atomizer 2 has a pneumatic tur-
bine 7, which drives a bell cup of the rotary atomizer 2. A
special feature of the turbine 7 consists in that the turbine 7
can be accelerated and braked in a pneumatically active
manner 1 order to make a high level of rotational speed
dynamics possible. To this end, the control unit 4 can set an
acceleration air flow Q+ and a braking air flow Q- 1n order
to set the desired rotational speed of the rotary atomizer 2.
Retference should also be made in this respect to EP 1 245
292 Bl, which has already been mentioned above.

The rotary atomizer 2 furthermore has a high-voltage
clectrode 8 to charge the applied coating agent electrostati-
cally, which results 1n a high level of application efliciency.
The high-voltage electrode 8 can be an internal electrode or
an external electrode, as required, and 1s supplied with a
certain high voltage U by a high-voltage cascade 9, the
high-voltage cascade 9 likewise being actuated by the con-
trol unit 4 to achieve the desired high voltage U.

Furthermore, the high-voltage cascade 1s connected to
carth via a bleeder resistor 10 and a bleeder switch 11 1n
order to be able to reduce the high voltage U quickly. The
bleeder switch 11 1s likewise actuated by the control unit 4
so that the high voltage U can be reduced rapidly 1if this 1s
desirable as part of the dynamic adaptation of parameters.
The high-voltage cascade can however i1n particular be
controllable with photodiodes provided for the purpose, as
has already been explained above.

The painting installation 12 also has an installation con-
trol system 12, which communicates bidirectionally with the
robot control system 3 and the control umt and for example
sends status variables of the painting installation to the
control unit 4, so that the control unit 4 can take these status
variables ito account in the dynamic adaptation of the guide
air flow QGUIDE AIR, of the paint flow QPAINT, of the
acceleration air Q+, of the braking air Q- and of the high
voltage U.

The exemplary illustrations are not limited to the previ-
ously described examples. Rather, a plurality of variants and
modifications are possible, which also make use of the 1deas
of the exemplary illustrations and therefore fall within the
protective scope. Furthermore the exemplary illustrations
also include other useful features, e.g., as described in the
subject-matter of the dependent claims independently of the
teatures of the other claims.

Reference in the specification to “one example,” “an
example,” “one embodiment,” or “an embodiment” means
that a particular feature, structure, or characteristic described
in connection with the example 1s included 1n at least one
example. The phrase “in one example” 1n various places 1n
the specification does not necessarily refer to the same
example each time 1t appears.

With regard to the processes, systems, methods, heuris-
tics, etc. described herein, 1t should be understood that,
although the steps of such processes, etc. have been
described as occurring according to a certain ordered
sequence, such processes could be practiced with the
described steps performed 1n an order other than the order
described herein. It further should be understood that certain
steps could be performed simultaneously, that other steps
could be added, or that certain steps described herein could
be omitted. In other words, the descriptions of processes
herein are provided for the purpose of illustrating certain
examples, and should 1n no way be construed so as to limait
the claimed invention.
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Accordingly, it 1s to be understood that the above descrip-
tion 1s mtended to be illustrative and not restrictive. Many
examples and applications other than those specifically
provided would be evident upon reading the above descrip-
tion. The scope of the mvention should be determined, not
with reference to the above description, but should instead
be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are
entitled. It 1s anticipated and intended that future develop-
ments will occur in the arts discussed herein, and that the
disclosed systems and methods will be incorporated into
such future examples. In sum, it should be understood that
the 1nvention 1s capable of modification and variation and 1s
limited only by the following claims.

All terms used 1n the claims are intended to be given their
broadest reasonable constructions and their ordinary mean-
ings as understood by those skilled in the art unless an
explicit indication to the contrary 1s made heremn. In par-

ticular, use of the singular articles such as “a,” “the,” “the,”
etc. should be read to recite one or more of the indicated
clements unless a claim recites an explicit limitation to the
contrary.

LIST OF REFERENCE NUMERALS

1 Painting robot

2 Rotary atomizer

3 Robot control

4 Control unit

5 Guide air valve

6 Paint valve

7 Turbine

8 High-voltage electrode
9 High-voltage cascade
10 Bleeder resistor

11 Bleeder switch

12 Installation control

The 1nvention claimed 1s:

1. A coating installation for coating a component surface
of a component with a coating agent, comprising:

an atomizer configured to apply the coating agent onto the

component surface,

a coating robot configured to move the atomizer over the

component surface, and

a control unmit programmed to control operation of the

atomizer according to electro/kinematic operating vari-
ables including a voltage for electrostatic charging of
the coating agent,

wherein the control umt 1s programmed to modily the

clectro/kinematic operating variables dynamically dur-
ing operation of the atomizer as the atomizer moves
relative to at least one path point defined by the
component surface, and

a bleeder switch electrically connected to the control unait,

wherein modifying the electro/kinematic operation
variables 1includes the control unit actuating the bleeder
switch to reduce the voltage.

2. The coating installation according to claim 1, wherein
the coating installation 1s adapted for painting a motor
vehicle body part with a paint.

3. The coating installation according to claim 1, wherein:

the control unit 1s programmed to actuate the atomizer

with fluidic operating variables, wheremn the fluidic
operating variables represent at least one of a coating
agent flow and a gmde air tlow, and
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the control unit 1s programmed to modify the fluidic
operating variables of the atomizer dynamically during
the movement of the atomizer.

4. The coating nstallation according to claim 1, wherein:

the control unit 1s programmed to determine at least one

status variable of the coating installation, and

the control unit 1s programmed to dynamically adapt at

least one of the electro/kinematic operating variable
and fluidic operating variables of the atomizer during
the movement of the atomizer depending on the deter-
mined at least one status variable of the coating 1nstal-
lation.

5. The coating installation according to claim 4, wherein
the at least one status variable of the coating installation
indicates whether painting 1s taking place with or without
clectrostatic charging of the coating agent.

6. The coating installation according to claim 4, wherein
the at least one status variable of the coating installation
indicates whether iternal painting or external painting of
the component 1s taking place.

7. The coating installation according to claim 4, wherein
the at least one status variable of the coating installation
reproduces a geometry of the component at an 1impact point
of the coating agent.

8. The coating installation according to claim 4, wherein
the at least one status variable of the coating installation
reproduces a distance between an impact point of the coating
agent and an electrical grounding point at which the com-
ponent 1s electrically grounded.

9. The coating 1nstallation according to claim 4, wherein
the at least one status variable of the coating installation
indicates whether the component in question 1s a plastic
component or a component consisting of an electrically
conductive material.

10. The coating installation according to claim 4, wherein
the at least one status variable of the coating installation
indicates whether detailed painting or surface painting is
taking place.

11. The coating 1nstallation according to claim 4, wherein
the at least one status variable of the coating installation
indicates whether the atomizer 1s being cleaned or whether
the atomizer 1s applying the coating agent.

12. The coating installation according to claim 1, wherein

the control unit 1s programmed to determine a geometric

factor of the component surface at a paint impact point
at which the coating agent impacts the component
surface, wherein the geometric factor reproduces a
shape of the component surface at the paint impact
point,

the control umt 1s programmed to dynamically adapt a

desired spray jet width depending on the geometric
factor,

the control unit 1s programmed to dynamically adapt at

least one operating variable of the atomizer depending,

on the spray jet width or geometric factor, the at least

one operating variable including at least one of:

paint flow,

guide air tlow,

painting speed at which the atomizer 1s moved over the
component surface.

13. The coating installation according to claim 1, wherein:

the control unit 1s programmed to determine a geometric

factor of the component surface at a paint impact point
at which the coating agent impacts the component
surface, wherein the geometric factor reproduces a
shape of the component surface at the paint impact
point, and
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the control unit 1s programmed to dynamically adapt the
voltage for the electrostatic charging of the coating
agent depending on the geometric factor, and

the control unit 1s programmed to dynamically adapt a
paint flow depending on the geometric factor, and

the control unit 1s programmed to dynamically adapt a
guide air flow depending on the geometric factor.

14. The coating installation according to claim 1, wherein
at least one of the electro/kinematic operating variable and
a tluidic operating variable of the atomizer have a setting
time during a change 1n setpoint value of less than 2 s,
wherein at least 95% of the change 1n setpoint value 1s
implemented within the setting time.

15. The coating installation according to claim 1, further
comprising:
a high-voltage cascade for generating the high voltage for
the electrostatic charging of the coating agent,

10
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a bleeder resistor electrically connected to the bleeder
switch and to the high-voltage cascade, wherein the
control unit actuating the bleeder switch diverts elec-
trical charge away from the high-voltage cascade and
toward the bleeder resistor to reduce the voltage.

16. The coating installation according to claim 1, further
comprising a coating agent configured to hold a charge with
an electrical capacitance less than 2 nF.

17. The coating installation according to claim 1, the
atomizer 1s configured to be driven by an electric motor.

18. The coating installation according to claim 17,
wherein at least a portion of the atomizer 1s electrically
1solated to allow electrostatic charging of the coating agent.

19. The coating installation according to claim 1, further
comprising a turbine configured for pneumatically driving
the atomizer, wherein the turbine 1s configured to be accel-
erated and braked by means of compressed arr.
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